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Excellent clinical results have been achieved by both
resection with end to end anastomosisand synthetic patch
aortoplasty for the repair of coarctation of the aorta in
older children. Increasing experience with exercisestress
testing in the postoperative evaluation of patients with
coarctation has allowed the discovery of less obvious
differencesbetween the two procedures. To evaluate these
differences further, the stress tests of 50 postoperative
patients who underwent coarctation repair were re-
viewed: 26 patients with end to end anastomosis and 24
with synthetic patch aortoplasty. Twenty normal control
subjects were similarly exercised. Systolicblood pressure
in the arm and leg was evaluated before and after the
test. Heart rate, electrocardiogram and arm blood pres-
sure were monitored during the test.
The mean arm systolic blood pressure was higher at
all points of measurement in the patients who under-
Thirty-eight years have elapsed since the first descriptions
of coarctation repair were published 0,2). In the interim,
refinement of surgical techniques, introduction of alternative
techniques (3-5) and extensive, long-term postoperative ex-
perience (6-25) have failed to provide a clearly optimal
approach to the correction of coarctation of the aorta. The
incidence of persistent or recurrent coarctation requiring
reoperation is high in infants and small children. A smaller,
but nontheless important number of older children may also
require repeat surgery (7-9,15, 18,21). The natural history
of untreated coarctation (26,27) or of postoperative residual
or recurrent aortic narrowing in childhood suggests that the
presence of a small arm-leg blood pressure gradient at rest
and of a large arm-leg gradient with hypertension during
exercise is cause for concern regarding long-term outlook.
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went repair by end to end anastomosis than in the group
who underwent patch aortoplasty. These systolic pres-
sure differences reached statistical significance only for
standing arm blood pressure before exercise (p < 0.05)
and for supine arm systolic blood pressure immediately
after exercise (p < 0.01). There was no difference in
arm-leg pressure gradient between the two study groups
before exercise; however, after exercise the group with
end to end anastomosis had significantly higher arm-leg
pressure gradients (p < 0.001).
Significantdifferences between the two types of repair
not apparent at rest were found immediately after ex-
ercise. The long-term prognostic importance of an ex-
ercise-induced arm-leg blood pressure gradient remains
to be determined. However, exercise stress testing is
sensitive in demonstrating these differences.
Stress testing in children after coarctation repair has re-
cently allowed identification of those with exercise-induced
hypertension and a systolic arm-leg blood pressure gradient
that develops with exercise (10,12-14,20,23). To clarify
the relative merits of two common types of coarctation repair
currently advocated in older children (resection with end to
end anastomosis and synthetic patch aortoplasty), we re-
viewed our experience with stress testing of the two groups
in this retrospective study.
Methods
Patients. The records of all postoperative patients who
had undergone coarctation repair and who had postoperative
exercise stress testing at the Children's Heart Center of the
Medical University of South Carolina were reviewed. Cri-
teria for inclusion in the study were: I) having had the
coarctation repaired by one of the two techniques described
in this report, and 2) having participated in at least one
postoperative stress test during which simultaneous arm and
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Table 1. Comparisons of Patients With Coarctation Repair and
Control Group
testing the significance of the analyses of variation and cor-
relation coefficients.
*p < 0.001. All values are mean :t standard deviation. BSA = body
surface area; Control Subjects = hemodynamically normal individuals
without significant heart disease; End to End = resection with end to end
aornc anastomosis; n = number of patients; p = probability; patch =
synthetic patch aortoplasty.
Results
Clinical features of study patients. Fifty patients ful-
filled the study criteria. In 26 patients, the aortic coarctation
was repaired by end to end anastomosis, and in 24 patients
it was repaired by patch aortoplasty. Most of the patients
were asymptomatic at the time of operation and the severity
of the aortic coarctation was thought to be comparable in
both groups of patients. No patient had a retroesophageal
right subclavian artery or associated cardiac defect. With
one exception, all were older than I year of age at the time
of operation. Three patients in the group who underwent
coarctation repair by end to end anastomosis were younger
than 2 years of age at the time of operation (9, 14 and 20
months, respectively). None of these three had a large rest
or exercise-induced arm-leg pressure gradient. The age and
size differences between the study groups are a reflection
of the different surgical eras at our institution.
The 20 subject control group was similar in body surface
area and age to the study groups at the time of exercise
testing (Table 1). All of the 50 study patients and 20 control
subjects were older than 4 years of age at the time of stress
testing.
Stress testing. Levels of exercise as indicated by max-
imal heart rate achieved during exercise were similar in the
two study groups (182 ± 16 beats/min) and the control
group (189 ± 19 beats/min). Figure 1 displays the changes
in standing blood pressure occurring in individual patients
who had repair by end to end anastomosis or patch aorto-
plasty and in the control group before exercise and at max-
imal exercise. The mean standing systolic blood pressures
Control
Subjects
(n = 20)
1.2 :t 0.4
12.1 :t 4.1
Patch
(n = 24)
7.2 :t 3.0
r--*--o
7.4 :t 2.7 2.8 :t I 4
r--*----,
1.4 :t 0.3 1.1 :t 0.2
End to End
(n = 26)
6.6 :t 3.3
r--*----,
14.0 :t 4.1 10.0 :t 3.0Age at exercise
(yr)
BSA at exercise
(nr')
Years smce
operation
Age at operation
(yr)
leg blood pressures were determined before and immediately
after exercise.
Surgical procedures. Of the two surgical procedures
studied, resection with end to end anastomosis was the pro-
cedure of choice between 1958 and 1974. After that time,
at our institution synthetic patch graft aortoplasty became
the most frequently performed repair beyond the first year
of life. Both patch aortoplasty and resection with end to end
anastomosis were performed by previously described stan-
dard methods (16).
Stress testing. All patients underwent graded treadmill
exercise stress testing at a constant speed and increasing
elevation. This method has been adapted to the evaluation
of patients with coarctation repair from our previously de-
scribed method (28). Heart rate, electrocardiogram and ST
segment were monitored continuously. Blood pressure in
the right arm was monitored using an appropriate sized cuff
(29). The right arm pressure was measured because its vas-
cular supply was thought to be least likely involved in the
coarctation repair. Sound amplification was used for arm
blood pressure measurement before and at I minute intervals
during and after exercise. The onset of the first Korotkoff
phase was recorded as indicative of systolic blood pressure.
Using an appropriately sized thigh cuff (30), systolic blood
pressure was measured in the left leg before and immediately
after exercise with a Parks model 811 Doppler unit.
Measurements. Our protocol began with the patient in
the standing position while three consecutive arm blood
pressure measurements were obtained. Patients were then
placed in the supine position for three simultaneous arm and
leg blood pressure measurements. The average value of the
leg pressure subtracted from the average value of the arm
pressure represented the arm-leg blood pressure gradient at
rest. When the resulting pressure gradient was negative, it
was included as a negative number. Exercise was then car-
ried out at a constant speed (3.5 mph) and an increasing
grade (2% each minute) to the point of exhaustion. Right
arm blood pressure was monitored at I minute intervals
during the test. Immediately after exercising, the patient
was placed in the supine position. The thigh cuff was then
reapplied as rapidly as possible to record postexercise si-
multaneous arm and leg blood pressures. About I minute
was required to accomplish the first simultaneous arm and
leg measurement after exercise. Arm and leg blood pressures
were measured in the supine position each minute for a total
of 10 minutes during recovery from exercise.
Control subjects. Measurement methods were validated
by exercising 20 hemodynamically normal persons in iden-
tical fashion. The control group was selected from con-
senting individuals of similar age and size as the patients
in the two groups with coarctation repair. They were being
evaluated for a heart murmur and were found to be free of
disease.
Data analysis. The Biomed package of statistical com-
puter programs (B.M.D.) was used for calculation and for
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*p < 0.05; tp < 0.01. All values are mean ± standard deviation.
Peak exercise = the highest systolic blood pressure In the standing position
reached during exercise; Preexercise = the systohc blood pressure In the
standing position Immediately before exercise; other definitions as in Table
I
Discussion
Patch aortoplasty has replaced resection and end to end
anastomosis for coarctation repair in older children in many
institutions. The clinical impression has been that the patch
aortoplasty is superior in relieving the arm-leg pressure gra-
dient; however, this conclusion is not universally held. This
controversy contributed to the increasing use of exercise
stress testing in the postoperative evaluation of patients who
had undergone coarctation repair. Several investigators
(10,13,20,23,31) have now documented the utility and sen-
sitivity of stress testing in evaluation of all their patients
who have had coarctation repair. With these facts in mind,
we reviewed the postoperative exercise stress tests at our
institution and compared the results in two commonly em-
ployed methods of coarctation repair, namely, resection with
end to end anastomosis and synthetic patch aortoplasty.
Pressure comparisons in present study. In each in-
stance where the systolic blood pressures of the study groups
were compared, the group with end to end anastomosis had
higher pressures than both the group with patch aortoplasty
and the control group. However, only the preexercise stand-
ing blood pressure (Table 2) and the supine arm systolic
blood pressure in the immediate postexercise period (Table
3) differed significantly. When compared with the control
group, the patients with end to end anastomosis had a higher
arm and lower leg systolic pressure immediately after ex-
ercise. The most striking and consistent differences between
the groups was in the postexercise arm-leg pressure gradient.
The group with end to end anastomosis differed from both
the group with patch aortoplasty and the control group not
only in the presence of residual or recurrent pressure gra-
dients after exercise, but also in the size of those gradients
(Table 3).
Our data suggest that real differences exist between the
systolic pressures in the study groups. However this impres-
sion must be considered in light of group age differences
in time since operation. The group with end to end anas-
tomosis were larger and older (Table 1). Both of these
factors positively influence blood pressures. Application of
age and size correction to the pressure data reported in
Tables 2 and 3 revealed that significant postexercise gradient
the control group, pressure gradients before exercise were
similar in the patients with end to end anastomosis and with
patch aortoplasty. After exercise, pressure gradients in the
patients with end to end anastomosis were substantially higher
than in patients with patch aortoplasty and the control group.
The arm-leg pressure gradient after exercise of the patients
with patch aortoplasty was significantly greater than that of
the control group. Positive correlations were found between
arm-leg blood pressure gradient after exercise and systolic
blood pressure both at rest and at maximal exercise (Table
4). There were no untoward effects of stress testing in either
study group or the control group.
Max
Ex.
156.2 ± 23.3
108.0 ± 8.5
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Patch
(n = 24)
Max Rest
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End to End
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r--*--,
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t
Peak exercise 180.4 ± 35.6 159.0 ± 35.5
*
Table 2. Mean Standing Arm Systolic Blood
Pressures (mm Hg)
1
100 ±SD
Cl
J:
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E
250·
200
measured in the arm before exercise and at maximal exercise
are found in Table 2. The standing systolic blood pressures
before exercise in the group with end to end anastomosis
were significantly higher than those of both the control group
and the patients with patch aortoplasty. Peak exercise sys-
tolic blood pressures of the patients with end to end anas-
tomosis were significantly higher than those of the control
group.
When the mean values of simultaneous supine arm and
leg systolic blood pressures and their resultant arm-leg blood
pressure gradients before and immediately after exercise
were compared, significant differences were found (Table
3, Fig. 2). Although significantly different from values in
Figure 1. The change in the right arm systolic bloodpressure of
individual patients (anastomosis [End to End], patch aortoplasty
[Patch]) andcontrol subjects (Controls) in eachstudygroupbefore
exercise and at maximal exercise. Max Ex = arm systolic blood
pressure reached at maximal treadmill exercise; Rest = standing
arm systolic blood pressure before exercise.
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Table 3. Supine Blood Pressures in the Arm and Leg (mm Hg)
*p < 0,05; tp < 0.01; tp < 0.001. All values are mean ± standard deviation. Arm-leg gradient = arm
systolic blood pressure minus legsystohc blood pressure: Before exercise = measurements taken In thesupine
position before stress testing; Immediately afterexercise = measurements taken in the supine position within
I minute of the completion of exercise; SBP = systolic blood pressure: otherabbreviations as in Table 2.
differences were still present between the groups. Those
who had the end to end anastomosis were again found to
have higher pressure gradients. Thus, we believe that patch
aortoplasty repair was clearly superior to the repair by end
to end anastomosis in relieving the postexercise arm-leg
pressure gradient. Comparison with published (28) normal
< 0.05
< 0.01
< 0.01
< 0.01
p Value
0.495
0.509
0.525
0.593
Correlation
Coefficient
End to end anastomosis (n = 26)
Preexercise
Postexercise
Patch aortoplasty (n = 24)
Preexercise
Postexercise
values for systolic blood pressure during exercise testing by
a similar protocol revealed that the mean values for both
groups fell into the upper range of normal. Significant dif-
ferences, however, did exist between the patch aortoplasty
group and the control group, perhaps indicating mild resid-
ual aortic obstruction or an alteration in upper versus lower
body resistances (32).
Other studies. Investigators comparing the two proce-
dures without using the stress test have come to differing
conclusions. Hesslein et al. (21), evaluating a large series
of postoperative patients. found no differences attributable
to the type of procedure but significant differences depen-
dent on the age at operation. a conclusion widely supported
in published studies. In a study involving an older group of
patients. Olson et al. (17) found that residual and recurrent
pressure gradients were less common after patch aorto-
plasty. Neither group of investigators used stress testing, In
contrast, stress testing performed by a Bruce treadmill pro-
tocol in 31 postoperative patients who had undergone coarc-
tation repair (18 patients by end to end anastomosis and 13
Table 4. Correlations Between Arm-Leg Pressure Gradient and
Systolic Blood Pressure
After
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After Rest
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Figure 2. The arm-leg systolic blood pressure gradients at rest
before exercise and immediately after maximal exercise for indi-
vidual patients (anastomosis[End to End], patch aortoplasty[Patch])
and control subjects in each study group are illustrated. After Ex.
:=: arm minus leg systolic blood pressure immediately after ex-
ercise. Rest '= arm minus leg systolicblood pressurebeforeexercise.
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patient', by patch aortoplasty) (23) revealed information sim-
ilar to that of our study. Patch aortoplasty was superior to
the end to end anastomosis in reducing postexercise systolic
blood pressure gradients in patients with coarctation and
aortic -sthmus hypoplasia. Thus, our findings in a larger
group of patients operated on at an earlier age confirm the
findings of Connor and Baker (23) in that significant dif-
ferenccs between the two types of repair not found at rest
were uncovered with exercise,
Age factors. The differences between the two forms of
repair 111 arm-leg pressure gradient discovered at maximal
exercise probably reflect true differences that are not ac-
counted for by the study group differences in age and length
of postoperative follow-up, The basis for this opinion, in
addition to the previously cited age/size correction infor-
mation, is that no change in pressure gradient was noted in
patients who had sequential stress tests. Although we cur-
rently do not consider exercise-induced arm-leg pressure
gradient without arm-leg pressure gradient at rest or hy-
pertension an indication for reoperation, its presence should
stimulate close follow-up. We advocate a baseline stress
test at approximately 3 months after repair and yearly tests
thereafter.
Exercise pressure gradient correlations. Freed et al.
(14) found that systolic blood pressure with exercise has a
strongly positive correlation with arm-leg pressure gradient,
suggesting that patients with a marked exercise-induced
pressure gradient are at risk for, if not already suffering
from. hypertension. Similarly, we identified significant cor-
relations in both groups between blood pressure in the arm,
both at rest and with exercise, and maximal systolic arm-
leg pressure gradient (Table 4).
Future considerations. Although our data suggest that
in older patients (older than 1 year of age), patch aortoplasty
is more effective at relieving exercise-induced pressure gra-
dients. other considerations are on the horizon. The avail-
ability of new suture material, the use of subclavian flap
aortoplasty and the concern for late development of an an-
eurysm adjacent to the patch site in patch aortoplasty all
suggest that the operative approach will be refined as more
information becomes available. Our study suggests that stress
testing in the postoperative evaluation of coarctation of the
aorta is safe, useful and sensitive.
Conclusions. In our institution, relief of coarctation of
the aorta, as reflected by postexercise arm-leg pressure gra-
dient. has been more effectively accomplished by synthetic
patch aortoplasty than by end to end anastomosis. Long-
term follow-up study will be necessary to determine if either
operation is superior at preventing increasing pressure gra-
dients and the development of late postoperative hyperten-
sion and its sequelae, Systolic blood pressure at rest and
with exercise is related to arm-leg pressure gradient after
exercise in patients who have undergone coarctation repair.
Whether the presence of exercise-induced arm-leg systolic
blood pressure gradient predicts or relates to the gradual
development of significant hypertensive cardiovascular dis-
ease cannot be answered at this time. We conclude that
stress testing is a valuable and important tool and should
be considered essential in the evaluation of these postop-
erative patients.
We express our special thanks to Martha Stroud and Boyd Loadholt, PhD
for assistance with the statistical analysis and to Martha Jerman for prep-
aration of the manuscript and editorial assistance,
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